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Introduction 
Historically in the UK, the predominant focus in controlling the pollution 
of water bodies has been upon readily-identifiable point sources. 
Increasing controls upon them over recent decades has yielded improving 
water quality, yet a consequence of declining loads of pollutants from 
readily-identifiable sources is the increasing significance of diffuse inputs 
to both watercourses and groundwater (as reviewed by D’Arcy et al. 
2000a). Whilst individually minor, the collective consequences of diffuse 
sources of pollution are significant. Diffuse pollution and its impacts are 
generally increasing in the UK in magnitude, frequency and in proportion 
to point sources (Ferrier et al. 2000). Diffuse inputs from agriculture may 
be of particular significance in relatively unpopulated uplands. 
Phosphorus is an economically significant pollutant, a substantial 
proportion of which is attributed to diffuse inputs in the UK, contributing 
to significant aesthetic impacts as well as loss of amenity (D’Arcy et al. 
2000b). In 1992–4, water companies spent an estimated £500 million on 
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pesticide removal in the UK (Skinner et al. 1997). The Environment 
Agency (1999) estimates that the use of the 450-plus pesticide active 
ingredients registered for use in the UK is predominantly accounted for by 
agriculture, from which diffuse inputs to water bodies can then arise. 
Skinner et al. (1997) estimate that the total cost to the UK of achieving the 
EC Nitrate Directive standard for potable water is £199 million over the 
next 20 years, with inputs of nitrogen accounting for the greater part of the 
input to water resources. Pretty (1998) estimates that £24 million per 
annum is spent on removing nitrates from drinking water, on top of 
treatment costs which had added up to £275 million since 1986. The 
impacts of diffuse pollutants to the ecology, economy and utility of water 
bodies is far from insignificant. These pollutants arise to a substantial 
extent from agricultural land use, emphasising the importance of more 
appropriate and sustainable land management practices. 
Regulation is slowly changing to address pollution from land use. The 
EC Water Framework Directive (WFD) is explicit about the achievement 
of Good Ecological Status (defined by Article 2(21) and the associated 
provisions of Annex V) through whatever ‘programme of measures’ is 
appropriate. This includes (defined by Article 10) a “…combined approach 
for point and diffuse sources…” that is “…based on a combined approach 
using control of pollution at source…”. To date, UK regulatory initiatives 
are slower to offer adequate protection. Protection is particularly lacking 
for the upper reaches of catchments. Headwaters are vulnerable and of 
disproportionate importance for conservation, fishery recruitment, storage 
and supply of high quality water, groundwater recharge, flow buffering, 
landscape and a range of other ecosystem functions. Appropriate land use 
in uplands and upper reaches of catchments may be of particular 
importance given the sensitivity of habitat, the potential for 
disproportionately large effects on smaller watercourses, and the 
perpetuation of adverse effects further down the catchment. Conservation 
importance is also acknowledged at the national level through designation 
of many remote upland areas as SSSIs (Sites of Special Scientific Interest) 
and at the international level through inclusion of moors – be they heather, 
grass or bog – on the EC Habitats Directive, the Ramsar Convention and 
other international obligations. 
The economic, environmental and social benefits of more sensitive land 
use practices that protect or restore the natural functions of river 
catchments have been widely discussed (for example, Newson 1994; 
Everard 1997; Calder 1999; Everard & Powell 2002; Marsh-Smith & 
Everard 2002). Yet there are significant obstacles to sensitive land use built 
into the current economic and regulatory infrastructure. Ninety-four per 
cent of the subsidies under the EU’s Common Agricultural Policy (CAP) 
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today are still targeted at food outputs with no consideration of the impacts 
of farming methods. The major UK food retailers also exert a continual 
downward pressure on farm gate prices, which does not favour 
internalising the environmental or social costs of production. Where direct 
support is in the form of livestock headage payments, the benefits of 
extensification to land-owners may be modest or even negative. 
Furthermore, the main beneficiaries of more sensitive land use are other 
water users lower in the catchment (for example those abstracting water, 
anglers and participants in other water sports, wildlife and amenity 
interests, etc), who today make no direct contribution to protective 
measures upstream. 
This situation is particularly acute for upland farms, where farm incomes 
are depressed. Recent changes in economic support have sought to take 
greater account of the environmental and social aspects of upland farming, 
yet the incentives in place today still primarily reward food production. 
The subsidy system thus encourages increased stocking and often results in 
degradation of habitat critical to catchment functioning. Impacts include 
the reduction of ecological status by chemical and physical means, for 
example increased nutrient loadings and the smothering of stream beds by 
eroded soil and associated contaminants, with subsequent loss of 
invertebrates, water plants and fish recruitment. Poaching of bankside 
vegetation and/or disturbance of spawning grounds further contribute to 
declining ecological quality. 
Changing land use has implications for a wide range of other biological 
communities. Declines of farmland birds have been widespread and well 
documented (Baillie et al. 2001) and often most severe in western pastoral-
dominated regions of Britain (Chamberlain & Fuller 2000). Arable 
cultivation, particularly spring-sown cereals, provides nesting sites for 
species such as skylark and lapwing, as well as summer food (invertebrates 
and grain) and winter food (organisms in remaining stubble fields) for a 
wide range of farmland birds. In pastoral landscapes, densities of seed-
eating farmland birds (including grey partridge, skylark, tree sparrow, corn 
bunting and yellowhammer) are generally much higher in localities with 
relatively small areas of arable cultivation (Robinson et al. 2001). 
Increased specialisation of farming enterprises has resulted in the 
disappearance of arable cultivation (particularly cereal production) from 
many pastoral areas of western Britain, and this has probably been a major 
cause of farmland bird declines (Chamberlain & Fuller 2000). 
In the UK, the ‘Curry Report’ on The Future of Food and Farming 
(Curry 2002) challenges old beliefs that land use should be directed solely 
at the production of food. This change in thinking about rural land use 
coincides with a period of depressed farm gate prices for agricultural 
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produce and the mid-term review of the CAP. There is undoubtedly a need 
for a new policy environment, rewarding landowners and managers for 
stewardship that is protective of ecosystem functions for the benefit of 
society within the wider catchment. Targeting of a relatively small subset 
of subsidies into ‘conservation’ schemes (just 6% of CAP), adjunct to the 
mainstream subsidisation of food outputs, is itself a token and reductive 
approach to land management. A new method of rewarding production 
through appropriate land use, based on the wide range of social, 
environmental and ultimately economic benefits from protection of 
ecosystem functions, is necessary if we are to achieve truly sustainable 
forms of development. Although based on novel insights from a systemic 
perspective of catchment functions, the need to develop sustainable land 
use policies to protect freshwater resources is redolent of the call by 
Leopold (1949) for a new ‘Land Ethic’. 
Some studies have already been undertaken on the benefits of sensitive 
farming at the catchment scale in England and Wales (reviewed by 
Everard, in press). However, there is a gap in these studies at the local 
scale, and particularly for upland farms from which headwaters arise. This 
article documents a case study relating to a successful partnership in 
Cumbria, UK, set within the wider context of catchment management. 
Whilst the case study is not highly detailed, and some costs have been 
described in outline only to protect confidentiality and commercial 
sensitivity, it provides some generic lessons and may therefore be useful in 
informing more sustainable policy-making. 
 
The study site: High Hullockhowe Farm 
United Utilities (UU) is a major land-owner in the North West of England. 
It is also a regional multi-utility operator, including water services. The 
‘downstream’ effects of interactions between land management and the 
quality and quantity of water are therefore not merely of interest to UU, but 
also potentially subject to a degree of control. In practice, where the tenant 
has a long-term agricultural holding tenancy, this control is at best indirect 
respecting the rights of tenant farmers. However, where willing farm 
tenants can be found, or where reorganisation opportunities arise, there 
exists the potential to move forwards by consensus for the benefit of water 
resource protection and nature conservation. 
 
The Farm 
High Hullockhowe Farm (NGR NY5024118320 for main farm buildings) 
near Haweswater (Cumbria, UK) is a small hill farm wholly owned by UU 
and is currently leased to tenant farmers. It is within the Lake District 
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National Park at an altitude of 260–320 metres above sea level. The farm is 
situated upstream of the Heltondale Aqueduct, a man-made feeder conduit, 
which feeds water into Haweswater Reservoir (Fig. 1). Both the farm and 
Haweswater are situated within the catchment of the River Eden. 
United Utilities extracts water from Haweswater Reservoir to supply 
populations across a wide area, including as far away as Manchester. The 
Heltondale Aqueduct collects water from Ullswater and intakes from the 
Mossey, Heltondale, Minor Intake, Gill Beck and Cawdale Catchments. 
Two of the four headwaters comprising the Minor Intake Catchment arise 
on High Hullockhowe Farm. There are several abstractions from 
Haweswater reservoir via the Haweswater Aqueduct to Watchgate water 
treatment works (WTW), Shap pumped supply to Watchgate WTW, and 
Shap pumped supply to Harper Hills Reservoir which feeds Swindale 
WTW. The combined maximum abstraction for the fourteen intakes along 
the Heltondale Aqueduct is 800 Ml per day (this does not include the 
volume abstracted from Ullswater). 
 
Historical pollution problems 
In the 1980s, upland farming practices encouraged by the subsidy system 
in the area, including over-wintering of cattle and perhaps also sheep-
farming practices, contributed to livestock-related water pollution 
problems. These were serious enough to force the closure of a water intake 
on a headwater stream draining High Hullockhowe Farm –Toddle Beck. 
This is one of the two headwaters in the Minor Intake catchment that arise 
on High Hullockhowe Farm and from which water is abstracted into the 
Heltondale Aqueduct and subsequently discharged into the northern end of 
Haweswater Reservoir. 
Inputs to Haweswater are monitored routinely to ensure water quality 
according to a range of standards (including Colour 20 Hazen; Turbidity 
4NTU; Cryptosporidium oocyst 10 l-1; Faecal and total coliforms 0/100 ml; 
Iron 200 µg Fe/l; Aluminium 200µg Al/l; and Manganese 50 µg Mn/l). 
The Toddle Beck Intake was closed on 21st July 1980 following visual 
inspection which suggested contamination of the raw water with a 
combination of sewage, silage effluent and some midden effluent (‘sewage 
fungus’ growth was also observed in the beck below the farm), supported 
by subsequent microbial analysis (data no longer available). A significant 
proportion of these problems were believed to have arisen from the 
estimated 55 cows and followers (up to one calf per cow and one or two 
bulls) housed in several buildings at High Hullockhowe Farm between 
October and March/April (depending on weather). This situation was 
exacerbated by a high water table, which caused water to run into the 
silage building and to generate yard run-off. Drainage works and other 
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FIG. 1. Location of High Hullockhowe Farm, Cumbria, in relation to the Heltondale 
Aqueduct, Haweswater Reservoir and watercourses. 
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modifications had failed to prevent water quality problems. Indeed, with 
hindsight, the field drainage systems are now believed to have added to the 
problem. 
Subsequent discussions between UU and the tenant of High 
Hullockhowe Farm, together with his wish to sell cattle, resulted in an 
informal agreement which allowed the re-opening of the water intake.  
Stock numbers on the farm (especially of cattle) were reduced and winter-
housing of cattle ceased in 1994, and as a result contamination from yard 
run-off decreased and drainage from the silage store was virtually 
eliminated. As a consequence, the observed quality in the stream increased 
significantly and the intake was reopened on 16th November 1994, again 
based on visual inspection and supporting microbial analysis.  
The economic consequences of this closure were significant. The 
reliable water yield for the Toddle Beck Intake is 1,300 Ml per annum. The 
loss of this yield places demands upon the wider catchment of abstraction 
points feeding into Haweswater, particularly from Ullswater. Values for 
this impact are presented later in this article. 
 
Changing farming practice 
Prompted by a wish on the part of the tenant to reduce farming activities 
further and to plan for retirement, possibilities for further improvements to 
farm stewardship were explored, leading to the development of a more 
environmentally sensitive farm plan. Measures in the developing farm plan 
included remaining in the ESA (Environmentally Sensitive Area) subsidy 
scheme but moving to higher tiers of the scheme where possible, and (as 
explained above) ceasing to keep cattle in winter housing. The plan was 
finally formalised in 1999, on retirement of the original tenant, when the 
farm was split into three packages of approximately 11.74, 14 and 22 
hectares, with 1.8 ha of additional land retained by UU for tree planting. 
The wider trend of decreasing farm numbers and increasing farm sizes are 
reviewed by Pretty (2002) and discussed in relation to their generally 
negative implications for the sustainability of land use and the vitality of 
rural communities. However, in this case, the change in organisation 
provided the opportunity to try out new patterns of management regime on 
High Hullockhowe Farm and adjacent areas. This article focuses on the 
changes in farming practice in one of the farm packages (22 ha), and the 
resulting environmental impact. 
Agricultural change was undertaken through a partnership of three 
organisations: UU, the Royal Society for the Protection of Birds (RSPB) 
and the tenant farmer of Lowe Hullockhowe Farm (Carl Walters) who had 
taken over management of the 22 ha package of High Hullockhowe Farm. 
Former tenants also had a valuable input to the plan.  The prime interest of 
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UU was protection of water resources, ‘farming’ the land for the benefit of 
the abstraction point lower in the catchment. However, since this depended 
upon the restoration of the integrity and functioning of critical habitat, 
further nature conservation gains were envisaged. The prime interests of 
the RSPB were to address the decline in certain species of farmland birds, 
and to seek to influence policy-makers responsible for reform of the ESA 
scheme and the CAP by raising the profile of management practices that 
protected or encouraged bird and plant life. The farmer was interested in 
different forms of farming of benefit to wildlife, as well as taking a 
personal opportunity to influence landowners and policy-makers. The 
collaboration and good intent of all parties was essential for practical 
progress, as reliance upon statutory requirements and economic signals 
alone would have perpetuated historic practice. An integrated strategy for 
the delivery of multiple benefits to wetlands, watercourses and terrestrial 
habitat was therefore devised, and was implemented in a revised farm plan. 
 
Measures to protect water resources 
A range of measures addressed the potential both for direct and diffuse 
inputs to springs and watercourses on the farm. Stock densities and 
housing were adjusted, and grazing regimes consistent with good 
catchment practice were achieved through exclusion of stock, usually by 
fencing, from watercourses upstream of intakes. These measures combined 
also avoided excessive poaching of ground. Stock feeders were also 
located well away from watercourses. Under this revised regime, grazing 
can be more intensive in dry weather than wet. 
Overall, sheep numbers remained unchanged on High Hullockhowe 
Farm. However, although cattle numbers were unchanged across the whole 
farm holding, removal of beasts from winter housing in the buildings at 
High Hullockhowe Farm eliminated the risk of releases of silage effluent 
and slurry. 
Sensitive wetlands containing springs from which watercourses rose 
were fenced to exclude livestock at periods when the water resource is 
most vulnerable. These risk periods are spring (beginning of April to the 
end of May) and autumn (late August to the end of September depending 
upon the timing of rainfall) when lambing and calving occur. This also 
coincides with periods when access to wetlands runs a risk of livestock 
losses due to drowning at birth or hypothermia due to young animals 
becoming saturated. Increase in hedges/woodland elsewhere on the farm 
also contributed to shelter and thus protection of young stock from the 
elements. 
Reduced and time-sensitive grazing regimes were implemented on areas 
of permanent pasture, with some re-wetting of land. Mechanical cutting of 
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rush-dominated swards was necessary where cattle would otherwise have 
performed this task. In addition to these measures, chemical inputs were 
reduced across the whole farm, lowering the potential for diffuse pollution. 
Various models for estimation of diffuse pollution run-off from land are 
available. Some, such as that of Moss et al. (1996), are based upon 
extrapolation of observed run-off into export coefficients for different 
types of land use. Most models developed since the 1960s are based upon 
simple hydrological procedures, and are generally unreliable (Jenkins et al. 
2000). However, in simplistic terms, reduced inputs to agricultural land, 
coupled with restoration of wetland functions to sensitive spring and 
riparian habitat, can only contribute to the immobilisation or purification of 
chemical and microbial contaminants. Furthermore, decreasing trampling 
by livestock of sensitive habitat may reverse the loss of permeability, 
increasing groundwater exchange and the protection for a range of 
hydrological and physico-chemical processes (Baines 2003). Although 
most parameters of water quality were not evaluated, the reopening of the 
abstraction point demonstrates the efficacy of revised land use upon target 
microbial and organic determinands. 
 
Implementing arable pockets 
Pockets of arable land were re-established within a predominantly pastoral 
landscape to provide nesting habitat and food availability during the winter 
for a range of bird species. The target bird species included lapwing 
(Vanellus vanellus), gray partridge (Perdix perdix), yellowhammer 
(Emberiza citrinella), reed bunting (Emberiza schoeniclus), linnet 
(Acanthis cannabina) and skylark (Alauda arvensis). These farmland 
species were selected as they have been declining locally (Stott et al. 
2002), and are also on the national red data lists (Gregory et al. 2002). The 
timing of certain activities was also established in the farm plan, for 
example with a recommended ploughing date of mid-March at the latest to 
attract lapwings as they return in the spring (ploughing into April will still 
tend to attract lapwings to establish new nests when they have failed 
elsewhere). Restoration of rush-dominated spring habitat, protected from 
grazing at sensitive times of the year for water quality reasons, also 
provided additional resting and feeding habitat for a range of birds. 
The revised farm plan for a typical year (depending on the year of 
rotation) included between four and six hectares per annum under 
cultivation for cereals (wheat or barley) or fodder. The original plan was to 
split one field into three sub-units and to start a three-year rotation of 
cereals, fodder crops, then grass. However, this did not prove practical to 
manage and would have entailed substantial fencing costs. The plan was 
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Table 1. Final rotation at managed units of High and Low Hullockhowe Farms. 
 
Rotation Arable management % arable/total 
Year 1 3.73 ha barley (undersown) at High Hullockhowe Farm 0.51 ha fodder crop at High Hullockhowe Farm 6.4% 
Year 2 
1.84 ha barley (undersown) at Low Hullockhowe Farm 
1.3 ha barley at Low Hullockhowe Farm 
0.51 ha fodder crop at High Hullockhowe Farm 
5.5% 
Year 3 
3.0 ha barley (undersown) at Low Hullockhowe Farm 
1.3 ha barley at Low Hullockhowe Farm 
0.51 ha fodder crop at High Hullockhowe Farm 
7.2% 
Year 4 
3.73 ha barley (undersown) at High Hullockhowe Farm 
0.51  ha barley at High Hullockhowe Farm 
1.3 ha fodder crop at Low Hullockhowe Farm 
8.3% 
 
 
subsequently adapted to include more land and to use whole fields and, at 
this point in time, some fields from the adjacent Low Hullockhowe Farm 
(an area of approximately 44.5 hectares) were brought into the rotation. 
The combined area of the managed sub-division of High Hullockhowe 
Farm and of Low Hullockhowe Farm was approximately 66.5 hectares. 
The final established rotation (Table 1), comprised 5.5–8.3% of this total 
farm area, compared to RSPB’s recommendation of a 20% arable-to-
grassland ratio to maximise benefits to birds. Additional arable pockets 
were managed on each of the two 13.5 hectare blocks of High 
Hullockhowe Farm, although these are not entered into the calculations. 
Hay meadow management was also undertaken on other areas of the 
farm, involving no artificial inputs and late cutting dates. Hay had 
previously been produced on the farm, but with no specific hay meadow 
management regime such as that specified under the ESA scheme. 
Sufficient hay and fodder had previously been produced on the farm to 
avoid the need for buying extra. Woodland management was also 
undertaken, including the establishment of new native woods as well as 
hedgerow planting, although this was on adjacent areas of High 
Hullockhowe Farm not covered by this study. 
 
Delivering the partnership 
The total package of measures implemented at High Hullockhowe Farm 
was intended to restore the quality of watercourses by addressing diffuse 
pollution, to boost bird numbers, enable successful breeding and 
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overwintering for target bird species, and to support wider regeneration of 
vegetation that had formerly been adversely affected by land use. The work 
was subsidised by UU through the provision of materials for items such as 
gates and fencing, and payment for seeding and harvesting of cereal crops 
in the arable pockets. RSPB provided expertise and labour (mainly through 
volunteers) necessary to help with implementation of the new farm plan 
and monitoring of wildlife throughout the project. The farmer provided 
agricultural expertise, land management, organisation, machinery and 
labour. 
 
Costs and benefits 
A range of activities, with associated costs, were entailed in moving to new 
farming practices. Grants and agricultural produce provided some 
monetised benefits, with ecological and environmental changes 
constituting primarily non-monetised benefits. Data on each of these items 
are presented in this section. 
 
Conversion costs 
Transition to new farming practices entailed a range of one-off conversion 
activities. These are outlined and costed in Table 2 below, though 
excluding the costs of management time and machinery. Many of these 
activities were supported by UU or carried out with the help of RSPB 
volunteers, though time, machinery and management input were provided 
by the farmer. 
Once converted, a range of ongoing management costs are entailed. 
These are listed in Table 3, excluding the costs of management time and 
machinery. 
 
 
 
Table 2. One-off conversion activities entailed in delivering the new farm plan. 
 
Activity Cost 
Stone picking in arable fields 
(facilitating tillage & harvesting) 
29 hours per hectare (in first year, will be 
lower in subsequent years) 
Wall top fencing (to exclude stock) £0.80 per metre + labour 
Gate widening £82 per gateway + £60 labour 
Fencing (275 metres) of sensitive 
wetland areas 
£1.50 per metre + labour (RSPB & volunteers) 
4 gates at £82 per gate + labour 
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Table 3. Costs of Cultivation. Includes ploughing, levelling, seed, drilling, fertilizer. 
 
Crops Cost of cultivation per hectare 
Barley (undersown) £260–299 
Barley (not undersown) £160–183 
Fodder £507–561 
Cultivated fallow £64 
Combining £62 per hectare 
Baling Variable 
Management of rush-dominated 
sward 
£50 mowing, £100 clearing rushes, £60 labour 
Lost opportunity for wetland 
grazing at sensitive times 
Negligible 
 
 
Support payments 
Grants from the ESA management scheme were secured to finance some 
of these important conservation works, comprising the only financial 
rewards accruing directly to the farmer (Table 4). Hay meadow, wetland, 
and pasture with orchids all attract higher-tier ESA payments based on loss 
of income. No inputs of fertilizer are allowed for each type, though each 
provides little in the way of crop or grazing. There were no payments for 
the cutting and removal of rushes from the wetland area. 
For fields used in rotation to provide arable pockets, ESA payments 
were reduced from £47 per ha to £12 per ha fields due to the fact that they 
had been ploughed. No other grants were paid to the farm, though some 
were received by UU for adjacent woodland work which, whilst benefiting 
the overall ecology of the farm, are not evaluated in this study. In addition 
to ESA payments, UU contributed approximately £250 per hectare per 
year, roughly equal to Arable Aid payments received by arable farmers, 
but for which High Hullockhowe Farm was ineligible. 
Fertiliser inputs were reduced on the farm as a whole. There were 
locally-increased applications in ploughed areas, offset by elimination 
from managed habitat qualifying under the ESA scheme (hay meadows, 
wetland and land with orchids). There were no overall concerns about 
fertility loss. 
Economic savings in terms of the overall reduced level of inputs on the 
managed areas of Low and High Hullockhowe Farms were not quantified 
as records had not been kept of applications pre-and post-revision of the 
farm management plan. However, fertiliser costs on fields supporting two 
cuts of silage per year and subsequent grazing are typically about £98 per ha. 
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Table 4. ESA grants and other support payments received. 
 
ESA ‘managed habitat’ Extent and rate per year Total per year of rotation 
Hay meadows 3.31 ha at £190 per ha £628.90 
Wetland 1.54 ha at £100 per ha £154.00 
Pasture with orchids 3.08 ha at £100 per ha £308.00 
Arable pockets -  
Year 1:  
Year 2:  
Year 3:  
Year 4: 
Average: 
at £12 per ha 
4.24 ha 
3.65 ha 
4.81 ha 
5.54 ha 
4.56 ha 
 
£50.88 
£43.80 
£57.72 
£66.48 
£54.72 
Total ESA subsidy per average year: £1,145.62 
UU ‘Arable Aid’ £250 per ha (average) £1,140 
Total ESA and UU payments per average year: £2,285.62 
 
 
In crude terms, this translates into tangible cost savings in terms of 
fertiliser, as well as a percentage of energy and time taken in transport and 
spreading, offset only partially by increased application on arable land. 
Assuming a 50% overall reduction in fertiliser application (and ignoring 
for the purposes of simplification the energy, time and equipment costs), 
this equates to approximately £392 per annum (half of 8 ha fertilised @ 
£98 per ha). 
 
Other monetised benefits 
In purely economic terms, the climate and upland altitude of the farm 
probably makes the commercial growing of cereals a marginal operation. 
To date, it has been possible to combine only one year in three. The grain 
produced in this year was fed to lambs, reducing the bill for concentrate 
feeds by an estimated £600. A very crude calculation of annual benefit of 
£200 is achieved by dividing the estimated value of the grain crop by three 
(one in three years). 
In other years the crop has been made into arable silage, generating a 
lower level of income (the operation is currently made viable to the farmer 
through direct financial support provided by United Utilities, noted in 
Table 4). Since hay and fodder production had been adequate for, or 
occasionally in excess of, the needs of the farm prior to the new 
management regime, this element is assessed as neutral in overall benefit. 
More detailed farm output figures (not included in this article) suggest 
that, in economic terms, barley crops that are undersown with grass are 
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much more attractive to the farmer at this particular upland location. This 
is due to the improved quality of the barley crop, the reduced time that the 
field is out of commission, elimination of the need for grass seeding in 
spring, and high grass yields in the following year. 
 
Water resources 
As noted previously, water quality at the abstraction point improved and 
the intake was re-opened six months after the winter housing of cattle was 
stopped. A value for total abstraction from the Toddle Beck Intake is 
calculated by assuming that the reliable yield of 1,300 Ml per annum has to 
be replaced by pumping water from Ullswater. An estimated cost of 
pumping water from Ullswater, derived by averaging annual actual and 
budgeted data for 2001–2003, is approximately £15 per Ml. This yields a 
total replacement value for loss of the Toddle Beck abstraction of £19 500 
per annum. This figure is substantial and, whilst potentially overestimating 
water value due to the calculation being based on peak production from the 
headwater (which will not clearly apply in wet conditions), it excludes 
risks of over-abstraction from other sources (primarily Ullswater) in dry 
periods. 
Significantly, the value of this water to UU exceeds the rental value of 
High Hullockhowe Farm prior to splitting and new management 
procedures by a factor in excess of six-fold. Subsequent reallocations of 
land following reorganisation have increased the rents levied by UU, 
although rents would have risen even without reapportionment of the farm 
(these data are provided in generic terms to ensure confidentiality for the 
farmer and UU). This six-plus greater benefit compared to agricultural 
rental provides a graphic demonstration of the value accruing from 
sensitive farming in terms beyond merely food outputs. Fortuitously, these 
benefits accrue to the land-owner due to UU’s interest in water services, 
creating a positive incentive for continued support which is compounded 
by the increased agricultural rental now attracted by reallocation of the 
land of High Hullockhowe Farm. 
 
Intangible benefits 
All benefits for which monetary figures are not available are assessed as 
‘intangible’ (using the sometimes unhelpful language of economics). Since 
most of the intended benefits in the farm plan other than water quality were 
non-monetised, the ‘headline’ economic cost-benefit assessment will 
probably significantly under-estimate the total benefit of improved 
environmental management of the farm. This skew is unfortunate where 
the intended benefits are not widely understood, reflecting the current gap 
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in national and European land use policy (i.e. lost economic potential 
arising from protection of ecosystem functions and biodiversity.) 
 
Additional water-related benefits 
In addition to local water quality improvements, monitored and monetised 
as discussed above, the implications of improved water quality inputs to 
the catchment will yield wider-scale benefits. These include improvements 
not only in water quality, but also reductions in sedimentation. Cumulative 
improvements in these parameters should improve habitat, and affect fish 
spawning and recruitment as well as the potential for wider ecological 
improvements. 
In addition to reducing diffuse pollution by microbiological and 
sediment particles, lower fertiliser inputs will eventually translate into 
reduced nutrient run-off into headwaters. Restoration of a more natural 
hydrological regime may also make a contribution to floodwater storage, 
groundwater exchange, and smoothing of flows throughout the year. 
Unfortunately, direct extrapolation of both of these latter benefits to the 
wider catchment is not currently possible with available tools. 
 
Bird diversity 
Field use by birds was recorded using an adapted CBC (Common Bird 
Census) methodology (Bibby et al. 1992) on a field-by-field basis, though 
data were not extrapolated up to breeding pairs except for easily-recorded 
species (lapwing and curlew). The farm was visited twice per calendar 
month during the breeding season (March–June), and once per month 
during the rest of the year. However, Foot and Mouth Disease restricted 
access for most of 2001. The farm is also regularly visited by the UU 
Northern Catchment Team as part of their whole-catchment monitoring 
regime. 1995 data provided a benchmark prior to change in farm 
stewardship. 
The effects of the new farming regime on target bird numbers were 
generally positive, though non-monetised, and are therefore classified here 
as intangible benefits. The data gathered demonstrate that the success 
criteria for bird life within the management plan have been met. 
Particularly significant changes are demonstrated in lapwing breeding 
success, with five pairs recorded as breeding post-management where 
formally none had bred. Lapwing were found to nest (as anticipated) in 
both sown and undersown cultivations. Increased breeding success was 
also recorded amongst curlews (personal communication, RSPB), doubling 
to two pairs post-management (hardly statistically significant, but 
nevertheless welcomed by RSPB). Wintering passerines, such as linnets, 
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skylarks and yellowhammers, also showed spectacular increases (Fig. 2). 
The benefits to winter passerines are more pronounced in crops that are not 
undersown by grass. 
 
Plant diversity 
Areas under new management will need monitoring in terms of plant 
species composition, although it is too early at the time of writing to expect 
significant change in botanical communities. At this point in the 
programme, vegetation monitoring was not undertaken. The first post-
management monitoring is recommended after five years (i.e. in 2004) 
using the standard National Vegetation Classification (Rodwell 1992). 
 
Further intangible benefits 
A range of additional intangible benefits flow from less environmentally-
damaging forms of land use. The contribution to preserving the landscape 
and its representative biodiversity contributes to the sustainable regional 
economy, for example by encouraging visitors who spend money locally. 
Demonstration farms also have an invaluable role in promoting best 
practice to others, and can provide valuable baseline data for policy change 
(for example influencing the mid-term review of the CAP or establishing 
criteria to shape UK agriculture in the wake of the Curry report). 
Furthermore, the partnership between industry and environmental charity 
on the farm may encourage improved links between these sectors, in the 
involvement of more businesses. 
These intangible benefits are, by their nature, difficult to quantify. 
However, the National Trust determined that in Cumbria, in its role as a 
local employer, farm landlord, and owner of landscape and attractions, it 
represented some 9–15% of total jobs in Cumbria’s visitor economy 
(National Trust 2001). Across the wider North West region of England, at 
least 101 200 jobs are sustained by industries that protect, manage or 
promote enjoyment of a high quality environment (Environment Agency & 
RSPB 2002). This represents 5.6% of all employment (five times more 
than the energy and water supply sectors combined and slightly more than 
in the construction industry). The Environment Agency & RSPB (2002) 
estimate that at least 48 000 of the region’s jobs are directly dependent 
upon environmentally-driven tourism, contributing some £570 million to 
regional Gross Domestic Product. Although in this case the linkage 
between regionally-distinctive landscape and natural beauty, wildlife and 
regional employment are difficult to deduce, there is a clear implication 
that they may nevertheless be significant. 
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Weighing up the costs and benefits 
Changes in land management practices have economic implications for the 
farm, in addition to economic returns and benefits for wildlife. Some of the 
trade-offs between these factors in the arable pockets within the new farm 
management plan are outlined in Table 5. 
Benefits to the farmer and to beneficiaries in the wider catchment 
resulting from the new management regime are listed in Table 6. This 
analysis demonstrates that, where quantifiable, benefits to UU are 
significant. Furthermore, the implications for the regional economy and 
other beneficiaries in the catchment are significant though generally 
unquantified. However, benefits at the farm scale are minimal or 
negligible, and depend entirely upon support from volunteers and 
voluntary payments in addition to some ESA support to remain viable. 
 
Policy implications and the wider context 
Recent changes in land management at High Hullockhowe Farm illustrate 
a range of principles relating to the scope, source and scale of benefits. 
These factors in turn have important policy implications. 
Benefits have traditionally been assessed in single-discipline terms, 
ranging from water quality to flood defence, ‘conservation’ to agricultural 
returns. However, changes in farm management can, with integrated 
planning, deliver a far wider scope of improvements with greater 
cumulative benefit. Pretty (2002) reviews the importance of this 
‘multifunctionality’ to sustainable land use and rural economics, with 
diverse cultural and environmental connections adapted to locality. Water 
quality benefits arising from changing stewardship at High Hullockhowe 
Farm are individually significant, as are the non-market benefits of changes 
____________________________________________________________ 
 
FIG. 2 (opposite). Bird Usage Before (1995) and After Cultivation, Recorded by Field. 
Figures are the sum of all birds recorded on each field in each calendar year (2 visits 
per month Apr–Jul, 1 visit per month Aug–Mar), with the exception of lapwing which 
are given as breeding pairs (although lapwing have been recorded on all cereal fields 
during Apr/May). Note: (1) Years quoted under field name are for the years that 
cultivation took place; the effects of this management on wintering passerine numbers 
will also be reflected in counts for the following year as birds will use the field through 
the winter into the next calendar year. (2) Five pairs of lapwing nested in 2001 on 
fields ploughed for barley. High Hullockhowe Farm has the only nesting lapwings 
(below the fell wall) on the Haweswater estate; all are subsequent to management 
change. (3) Middle field and Top Hoggust have ‘no data’ as they are part of Low 
Hullockhowe Farm and were put into the arable pocket scheme at a later date. 
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Table 5. Some pros and cons of arable pockets at High Hullockhowe Farm. 
 
Pros for the farmer Cons for the farmer Benefits to key species 
Barley undersown 
• Good silage crop following 
year 
• Reduced feed costs if 
barley used as feed/silage 
• Useful for spreading FYM 
in spring. (Note that FYM 
production is from the 
adjacent Low 
Hullockhowe and High 
Drybarrows Farms.) 
• Loss of grazing at 
lambing 
• Stone picking at busy 
time of year 
• Reduced ESA payments 
due to transition from 
Tier 1B (grass @ £47/ha) 
to Tier 1A (arable 
production @ £12/ha). 
• Bare tillage for lapwing 
nesting (if ploughed early 
spring).  
• Spreading of farm-yard 
manure provides increased 
earthworm numbers for 
lapwing feeding. 
• Bare tillage for skylark 
(as above). 
• Arable weed seeds and 
spilt grain for wintering 
passerines 
Barley not undersown 
• Reduced feed costs if 
barley used as feed/silage 
• Loss of grazing at lambing 
• Stone picking at busy time 
of year 
• Reduced ESA payments 
(see above) 
• Field out of commission 
while stubbles over-winter 
• Higher costs of reseeding 
with grass in spring 
following crop cultivation. 
• Bare tillage for lapwing 
nesting (if ploughed early 
spring) 
• Spreading of farm-yard 
manure provides 
increased earthworm 
numbers for lapwing 
feeding 
• Bare tillage for skylark 
(as above) 
• Arable weed seeds and 
spilt grain for wintering 
passerines. (NB winter 
bird use significantly 
higher where cereal crop 
not undersown) 
Fodder 
• Sheep feed from February • Loss of grazing 
• Reduced ESA payments 
(see above) 
• Arable weed seeds and 
spilt grain for wintering 
passerines 
Cultivated fallow 
• No benefit. This situation 
arose by mistake in a field 
that was supposed to be 
cultivated for turnips but 
the contractors did not sow 
the crop so no cultivation 
took place. Arable weeds 
(corn spurry, hemp nettle, 
redshank, etc) encroached 
rapidly. 
• Loss of grazing 
• Reduced ESA payments 
(see above) 
• Bare tillage for lapwing 
nesting (if ploughed early 
spring) 
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Table 6. Benefits to the farmer and other catchment beneficiaries. 
 
Practice Implications for farmer Implications for others in 
catchment 
One-off conversion Cost-neutral due to 
support from UU/RSPB 
Benefits flowing from 
landscape, biodiversity and 
water quality  
Cultivation of arable 
pockets 
Made viable by payments 
from UU and ESA, reuse 
of grain and fodder/hay 
Benefits flowing from 
landscape, biodiversity and 
water quality 
Management of hay 
meadow, wetland and 
grassland with orchid 
Made viable by ESA 
payments and savings in 
fertiliser 
Benefits flowing from 
landscape, biodiversity and 
water quality 
Protection of water 
abstraction point 
No benefits Substantial economic 
benefits to utility operator, 
with ‘knock-on’ benefits 
from reduced pollutant and 
sediment inputs to wider 
catchment 
Other intangible 
benefits 
None Contribution to local 
character and stimulation of 
the regional economy 
Increased bird numbers 
and diversity 
None Boosting regional 
biodiversity, stimulating 
local economy including 
environmental tourism 
Anticipated benefits to 
flora 
None When benefits are 
demonstrated, same as for 
birds 
 
in bird utilisation. Conversely, a simple financial ‘bottom line’ calculation 
based purely on food outputs suggests that management changes are 
unacceptably costly, since returns are at best marginal and at worst fully 
dependent upon support payments. However, inclusion of the wider suite 
of planned benefits including water quality at the abstraction point, 
conservation improvements, ramifications for the wider catchment, 
increased rental values, and contributions to the regional economy make an 
overwhelmingly positive case for more sensitive farming. 
Observed water quality and biodiversity benefits are all derived from the 
source of ecological functions on the farmed land. Habitat restoration or 
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other methods for increasing ecosystem functioning beyond pure 
agricultural production yield significant changes in the wider set of 
‘outputs’ from farmed land. Where critical elements of habitat can be 
identified and carefully planned in terms of both space and time – in this 
case arable pockets, wetlands and ‘hotspots’ for run-off – critical 
ecosystem functioning can be restored with large implications for the wider 
catchment system as a whole. 
Benefits vary across a range of scales. Water quality benefits accruing 
from restored ecosystem functioning and control on inputs are 
overwhelmingly positive at the sub-catchment scale, increasing the 
supportive capacities of ecosystem functions to a wider set of beneficiaries 
‘downstream’ in the catchment. Taking water quality as a surrogate 
measure for wider benefits – including inputs of cleaner water into lower 
reaches, reduced sediment inputs, implications for improved habitat, 
ecology and fish recruitment, etc – the implications for the wider 
catchment are also significant. Bird recovery was also observed to be 
regionally significant. This is consistent with the view of Everard & Powell 
(2002) that it is possible to protect or rebuild catchment functioning 
simultaneously with addressing local issues, through the application of 
‘building block’ technologies such as habitat restoration or sustainable 
approaches to drainage, comprising perhaps the most sustainable form of 
investment in the future. However, benefits accruing at the farm scale in 
terms relevant to the farm economy are less advantageous. As Kremen et 
al. (2000) observed for rain forests, it is important to develop policies that 
create positive economic incentives for conservation at all scales, from the 
local to the national and global, if the ecosystem functions from which 
wider society benefits are to be protected in development decisions. At 
High Hullockhowe Farm, in order for more sustainable forms of 
management intervention to become viable, it is essential that it is 
beneficial at the local scale as well as wider geographic scales. It is 
unfortunate that, today, many ‘intangible’ values are less highly regarded 
by key decision-makers, as they are significant to society at large and 
therefore to the sustainability of land use decisions. This is manifestly the 
case at High Hullockhowe Farm where, if support from ESA and UU and 
input from RSPB were removed from the equation, the improved farming 
regime would be economically unsustainable (beneficial intervention by 
government or regulatory agencies is currently conspicuously absent, 
indicating another set of gaps in UK policy). If we are to make progress 
towards a fully sustainable future, it is perverse that more sustainable land 
management practice should penalise farmers and others investing in land 
management. 
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There is a pressing need to revise land use policy to reflect societal 
benefits beyond merely food production. Current agricultural incentive 
schemes perpetuate this historic distortion, with the CAP a prime example 
of an output-based subsidy system with a token 6% allocation to 
‘conservation’ schemes. On a crowded island, the reality is that land use 
for food production, support for biodiversity and fisheries, ‘farming’ for 
water of a reliable quality and quantity, and other societal benefits has to 
be fully integrated. As Pretty (2002) states, “The challenges is to find ways 
of substantially greening the middle of farming – in the field rather than 
around the edges”. A reward system based solely upon food outputs from 
land, regardless of methods of production, is inherently unsustainable. 
Catchment integrity therefore depends as much on economic flows as those 
of water, nutrients, organisms and sediments (Newson 1994; Calder 1999). 
Where rewards for farm outputs, inadequately ameliorated by appropriate 
regulations or incentives, overlook the many benefits of ecosystem 
functions, economic pressure will degrade the integrity and functioning of 
ecosystems with consequences for catchment processes as a whole. 
Disparities in remuneration for sensitive and appropriate land use across 
catchments also contribute to diffuse pollution (D’Arcy et al. 2000a). 
Nowhere is this more pertinent than in vulnerable headwaters and upper 
reaches of catchments, where inappropriate and damaging land use may 
have unintended adverse consequences for ecological status in the 
catchment as a whole. 
Public economic policy is currently completely inadequate for the 
purposes of sustainable land use. This case study provides evidence of the 
changes needed if economic pressures are not to reinforce long-established 
unsustainable practices that liquidate natural resources and degrade 
ecosystem functions. Were it not for the self-benefit to UU apparent from 
the economic analysis, nor the goodwill of all partners, it would be 
economically unsustainable for the farmer to pursue anything other than 
established forms of farming that degrade the ecosystem and the public 
benefits that flow from its numerous functions. 
The net positive benefit-cost ratio at High Hullockhowe Farm based 
purely on ‘hard’ economic metrics, is significant in policy terms. Benefits 
arising from ‘farming’ the catchment for water are overwhelmingly 
positive, and should inform revisions to the CAP, the ESA scheme and 
other reforms following the Curry report. Although ‘intangible’ benefits to 
the ecosystem are no less important, they are sadly far less persuasive for 
politicians and other government and corporate decision-makers at present. 
A case built upon these ‘mainstream’ variables, avoiding reliance upon 
‘softer’ and more hotly-disputed values ascribed to the perceived 
‘existence’ or ‘bequest’ values of ecosystems, is currently more persuasive 
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in political and policy-development terms. The case for support of 
sustainable land use will be strengthened further with the development of 
more robust methods for valuation of non-market benefits, as well as those 
accruing to the catchment as a whole rather than merely on a local scale. 
The disparity between rewards to the land manager and benefits derived 
by others elsewhere in the catchment is a priority for redress, as today it 
presents a significant economic disincentive to sustainable land use. If one 
were to internalise the demonstrable and theoretical costs of the former 
farming regime at High Hullockhowe Farm, including those borne by other 
users of the water environment in the ‘downstream’ catchment, the benefits 
of sensitive land use would become clear. Doppett et al. (1993) note that 
all sectors of society pay heavily for the degradation of catchment 
ecosystems and their functions. We urgently require a set of tools adequate 
to assess catchment-scale benefits arising from land use decisions, and to 
support this with a set of regulations and economic incentives sophisticated 
and compelling enough to support truly sustainable catchment 
management. This must necessarily entail mechanisms for recovery of 
money from catchment users hypothecated in the form of subsidies for the 
sensitive use of land, protecting the ecosystem functions from which all 
benefit. This is fully consistent with ‘The Polluter Pays’ principle linked to 
full-cost socio-economic evaluation of diffuse pollution, advocated by 
Ferrier et al. (2000) as the basis for cost-benefit assessment of policies and 
practices appropriate to tackling diffuse pollution on a sustainable basis. 
Pretty (2002) also argues that ‘The Provider Gets’ principle is of equal 
importance in promoting forms of land use sympathetic to beneficial 
ecosystem functions. Revision of today’s perverse subsidy system is of 
critical importance for protection of catchment functioning, from which 
wider society benefits. The fact that many wider-scale benefits may be 
derived from small-scale interventions in habitat critical to ecosystem 
functioning means that the cost of incentives need not be prohibitive, 
although targeting of resources and identification and appropriate reward 
for sustainable management of critical habitat will depend upon robust and 
science-based tools. 
Changing practice at High Hullockhowe Farm also serves as an 
advocacy and training tool to promote sustainable farming techniques to a 
variety of audiences. It demonstrates what is achievable when different 
interests and sectors of society collaborate in broader-scale thinking to 
achieve benefits across the system as a whole, each benefiting from 
systemic improvements where few benefits would be achievable for each 
partner acting in isolation. United Utilities intends to spread the lessons 
from High Hullockhowe Farm to other land-holdings in sensitive upland 
catchments critical for production of water. The case study also 
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demonstrates the direction necessary for reforms in farm and land use 
subsidies, and provides a ‘real-life’ demonstration of the benefits of 
‘farming’ the catchment for the output water quality and biodiversity. 
Following BSE, Foot-and-Mouth Disease, and the Curry report, and in 
the midst of debate about reform to the CAP and ESA scheme, we have 
both the opportunities, the political focus and key lessons to help shape 
more sustainable policies for the future. The lessons learned at High 
Hullockhowe Farm should be persuasive to other land managers, to the 
Treasury and other key government departments, to catchment planners, 
and to champions of sustainable development in other sectors of society. 
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